Abstract The current review covers extant literature on pharmacotherapy for core symptoms of autism. The core symptoms of autism include impairments in social interaction and communication, as well as the presence of restricted and repetitive behaviors. There are no known efficacious treatments for the core social symptoms, although effects on repetitive behaviors are indicated with some data. While studies of fenfluramine, secretin, opiates, and mood stabilizers generally find no effect, mixed results suggest more research is needed on antidepressants and atypical antipsychotics. Newer lines of research, including cholinergic and glutamatergic agents and oxytocin, will be of considerable interest in the future. However, research on the treatment of core symptoms is plagued by limitations in study design, statistical power, and other issues inherent to the study of treatments for autism (e.g., heterogeneity of the disorder) that continue to prevent the elucidation of efficacious treatments.
Introduction
Autism is a lifelong neurodevelopmental disorder characterized by current DSM-IV diagnostic guidelines as impairments in social interaction and communication and the presence of restricted and repetitive behaviors [1] . According to current diagnostic guidelines, these symptoms must be observed in the first 3 years of life and must cause significant impairment for the individual. When grouped with Asperger's disorder and pervasive developmental disorder-not otherwise specified (PDD-NOS), these conditions are referred to as autism spectrum disorders (ASDs). The term ASD reflects the dimensional nature of the disorder, which manifests as different combinations of the core symptoms at varying levels of severity [2] .
Although exact numbers vary by study and sample characteristics, recent data indicate that over half of children with ASD in the United States are prescribed psychotropic medication, and medication use increases with age [3, 4] . However, pharmacologic treatment is often targeted at problems other than the core symptoms of the disorder [5] . ASD is commonly associated with challenging behaviors such as irritability, aggression, self-injury, hyperactivity, and inattention [6] [7] [8] , and these behaviors have often been the stated targets of psychopharmacologic treatment. The atypical antipsychotics aripiprazole (age 6 years and above) and risperidone (age 5 years and 20 pounds and above), clinically indicated for autism in children in the United States, are FDA-approved for the treatment of irritability only [9, 10] . Other pharmacologic treatments commonly used for challenging behaviors include other atypical antipsychotics, alpha-2 agonists, mood stabilizers, stimulants, atomoxetine, and naltrexone [11] . Within the core symptoms, repetitive behaviors have been most frequently targeted by pharmacologic treatments. Repetitive behaviors, along with irritability, and aggression, for instance, are considered positive symptoms, and, as indicated by the review below, have been studied more extensively than the largely negative core symptoms of impairments in social communication.
Here we review in a nonsystematic fashion the data on pharmacological agents, specifically focusing on analyses that have explored effects on the core symptoms of ASD, using findings from the extant literature to categorize medications into groupings of: (a) those that have been shown to be not efficacious and should probably be abandoned as potential treatments, (b) those that are possibly efficacious and deserve more research, and (c) those that are currently proposed as new lines of investigation. While an attempt has been made to limit this review to agents that have been investigated explicitly for effects on the core symptoms, we found a variety of studies wherein core symptoms were reported upon, even when not the primary outcome of the study (e.g., the atypical antipsychotics, which have been reported to exert some effects on the core symptoms). Core symptoms are broadly defined here to include measurement of domains ranging from ''social withdrawal'' in the social domain to traditionally defined obsessive-compulsive symptoms in the restricted/repetitive behavior domain. In the interest of brevity, we focus on traditionally defined psychopharmacologic agents; we do not address other types of agents such as vitamins and supplements. We also limited this review to articles written in English and this review is written from a North American perspective and may not reflect practice in other regions. We also exclude studies that have focused on neurogenetic disorders that are highly associated with, but not exclusively diagnosed with, autism (e.g., fragile X). Table 1 provides a summary of the key design elements and brief results of the reviewed studies. We conclude with a summary of challenges to pharmacotherapy research in ASD, and offer suggestions for future research.
Review of Research

Agents Found to be Probably Not Efficacious
Several pharmacological agents have been adequately evaluated and can be eliminated as possible treatments for the core symptoms of ASD. Fenfluramine, an indirect serotonin agonist that was approved in the USA to treat obesity, was pursued as a treatment for ASD due to its potential to decrease levels of serotonin in the blood [12] . Initial case reports [13] and a double-blind crossover study [14] were successful in treating core symptoms. However, a double-blind parallel group study found no therapeutic effect of fenfluramine on core symptoms in tandem with adverse effects on learning [15] , and subsequent trials were unable to support its use [16] [17] [18] . Furthermore, concerns about associated cardiac valvular disease led to the removal of fenfluramine from the market in 1997.
Opioid dysregulation has been proposed as a cause of autism, owing initially to observations of autism-like symptoms in animals treated with opiates [19] . A great number of case reports, open trials, and controlled trials have been published on the use of naltrexone, an opioid receptor antagonist, for self-injury and core symptoms of autism [for review, see Elchaar et al. 20] . Although naltrexone has been shown to be well tolerated, the consensus among results is that the drug does not improve the core symptoms of autism. The most common positive finding in studies of naltrexone in autism has been on hyperactivity [21] [22] [23] .
Following incidental administration of porcine secretin, a polypeptide produced in the intestine, improvements were noted in the core symptoms of three children with autism [24] . This observation led to many investigations of secretin, which is now among the most widely studied potential treatments for autism. Although the quality of these studies varied, no evidence has been produced to suggest that porcine secretin is efficacious in treating core symptoms [for review, see Williams et al. 25] .
Due to the high rate of epilepsy found in individuals with ASD, anticonvulsants are used frequently in this population. Along with lithium, these types of drugs are often referred to collectively as mood stabilizers. After an initial open-label study showed improvements with divalproex on repetitive behaviors and social relatedness [26] , an 8-week, double-blind, placebo-controlled study was carried out [27] . In 13 subjects, a significant and large effect was observed on the children's Yale-Brown obsessive compulsive scale [CY-BOCS; 28], most strongly for an item that reflects the amount of time spent engaging in repetitive behaviors. A second double-blind, placebo-controlled study in 27 children with ASD and significant irritability found no effect of divalproex on the CY-BOCS, which was gathered as a secondary measure [29] . However, it should be noted that there is a separate line of research that has questioned whether anticonvulsants may be helpful in treating core symptoms of autism in subsets of children with epilepsy or epileptiform discharges [30] . Other mood stabilizers, such as lamotrigine and levetiracetam, have been shown to be ineffective for repetitive behavior and social symptoms [31, 32] . Although mood stabilizers may yet prove to be effective for the irritability and aggression found in ASD, the balance of evidence suggests that this class does not treat the core symptoms.
Agents Found to be Possibly Efficacious
Atypical Antipsychotics
The atypical antipsychotics are frequently studied and prescribed for aberrant behaviors associated with autism [11] . No studies of atypical antipsychotics have explicitly described the core symptoms of autism among the primary targets of treatment; however, symptoms such as social withdrawal and stereotypic behaviors are often assessed as secondary outcomes. Because improvements in these areas have been consistently reported in the atypical antipsychotic treatment literature, we review the evidence here.
As indicated in Table 1 , risperidone was evaluated in an 8-week, double-blind, placebo-controlled study in 101 children with ASD and irritability [33] . As hypothesized, a large and significant effect of risperidone was observed on the irritability subscale of the aberrant behavior checklist [ABC ; 34] . A significant and large effect of risperidone treatment was observed on stereotypy. Although the effect on social withdrawal was moderate, it did not reach significance after Bonferroni correction. Other scales relevant to the core symptoms of autism were collected in this study; McDougle et al. [35] reported secondary analyses of the Ritvo-Freeman real life rating scale (R-FRLRS) and the modified CY-BOCS. Significant and moderate-to-large effects of risperidone treatment were found on sensory motor behaviors, affectual relations, and sensory responses of the R-FRLRS and the modified compulsions scale of the CY-BOCS. Although the effect sizes for R-FRLRS social relationships and language were large, they failed to reach statistical significance. A similar study in 77 Canadian youths found a large and significant effect of risperidone on symptoms of irritability and aggression [36] . However, improvements on measures of core symptoms such as ABC lethargy/social withdrawal, ABC stereotypy, Nisonger child behavior rating form [NCBRF; 37] self-isolated/ ritualistic, and NCBRF self-injurious/stereotypic were small to moderate or failed to reach significance.
Secondary analyses showed statistically significant and moderately sized effects of risperidone treatment (with and without parent training) compared to placebo on the lethargy/social withdrawal subscale of the ABC [38; in press]. The analyses included data from the risperidone study reviewed above [33] as well as from a randomized, controlled, 24-week study of atypical antipsychotic (risperidone or aripiprazole) plus parent training in 124 children with ASD. This latter study found a significant effect of combined treatment versus medication alone on challenging behavior [39] , as well as a small statistically significant effect in favor of combined treatment on some subscales of the Vineland adaptive behavior scales [40] , including the socialization subscale.
Preliminary data also suggested that paliperidone, an active metabolite of risperidone that is approved for use in the USA for schizophrenia and schizoaffective disorder, may ameliorate symptoms of irritability associated with autism. In an 8-week open-label study, 25 adolescents and young adults with autism and significant irritability were treated with paliperidone [41] . Significant pre-post effect sizes were greater than 2.0 on the primary outcome measures: ABC irritability and global improvement. Of particular relevance here, effect sizes were also large and significant for the remaining ABC subscales, including lethargy/social withdrawal and stereotypy, the modified CY-BOCS, and the social responsiveness scale.
A pair of double-blind, placebo-controlled studies on aripiprazole for irritability associated with autism were published; one was 8 weeks of fixed dosage in 218 children and adolescents [42] , and the other was 8 weeks of flexible dosage in 95 children and adolescents [43] . A 52-week open-label continuation of these studies was also reported [44] . In all studies, aripiprazole was effective for the treatment of irritability, as measured by the ABC. Significant effects on ABC stereotypy and the modified CY-BOCS were also observed, although the difference from placebo was small. No significant differences were observed on ABC lethargy/social withdrawal.
Taken together, these results suggest that the atypical antipsychotics may have a modest effect on the core symptoms of autism as measured by the ABC, NCBRF, and CY-BOCS. Some cautionary notes, which apply to the studies of most drug classes reviewed here, are warranted. Most studies have recruited children specifically for irritability, so it is unclear if effects on the core symptoms of autism would be observed in children without irritability. In these samples, perceived improvements in the core symptoms may simply reflect some improvement in irritability. Furthermore, no study has evaluated the core symptoms as a primary outcome, so the measures may not have been optimally selected (see below). Finally, the side effects associated with the atypical antipsychotics (e.g., weight gain and somnolence) may override the modest potential improvement in the core symptoms.
Antidepressants
Perhaps owing to shared features of repetitive/restricted interests with obsessive-compulsive disorder (OCD) and some evidence of disrupted serotonin functioning in autism [12] , antidepressants have become a target of interest for the treatment of autism. Most studies of antidepressants have focused upon primarily repetitive behavior. The selective serotonin reuptake inhibitors (SSRIs) are the most commonly prescribed antidepressants, owing to their safer side effect profile relative to the tricyclic antidepressants (TCAs).
In a 10-week, double-blind, crossover study, 12 children and adolescents with autism were assigned to clomipramine (a TCA) versus a placebo, and 12 were assigned to clomipramine versus desipramine (another TCA) [45] . In both cases, clomipramine was superior in producing a response on the OCD subscale of the modified comprehensive psychopathological rating scale [46] . A more recent double-blind crossover study in 31 children, adolescents, and young adults with autism found no statistically significant advantage for clomipramine over placebo [47] .
The definitive study of an SSRI for a core symptom of autism was a double-blind, placebo-controlled, parallelgroup trial of citalopram targeting repetitive behavior and restricted interests [48] . One hundred and forty-nine children and adolescents with ASD were assigned to 12 weeks of citalopram or placebo. There was no effect of citalopram treatment over placebo on the main outcome measure, the repetitive behavior scale-revised, or the ABC.
Controlled studies have produced mixed results for fluoxetine, which may be more effective for adults than for children. A 20-week crossover study in 39 children found that fluoxetine produced a statistically, but not clinically, significant effect on repetitive behavior [49] . However, a 12-week double-blind, placebo-controlled study in 37 adults with ASD found significant improvements in the adult Y-BOCS with fluoxetine treatment [50] . Members of the fluoxetine group were 1.5 times more likely than those receiving placebo to experience improvement as judged by the clinical global impressions (CGI) scale. Fluvoxamine, another SSRI, was also judged to be effective in reducing repetitive thoughts and actions in a 12-week, double-blind, placebo-controlled study in 30 adults with autism [51] .
Although the controlled data suggest that antidepressants are not effective for the treatment of the core symptoms of autism in children, some studies have found support for their use in adults. Several uncontrolled reports provide support for the use of SSRIs [52] ; more research is needed to fully evaluate their utility.
Newer Lines of Research
Several other classes of drugs not previously used in children or for behavioral purposes have gained traction as possible treatments for the core symptoms of autism. The rationale for the use of these classes is hypothesis-driven, with biological mechanisms of action proposed, rather than resulting from incidental observations from treating other disorders. In particular, acetylcholinesterase inhibitors, glutamatergic drugs, and oxytocin have generated recent enthusiasm [53] .
Cholinergic Agents
The acetylcholinesterase inhibitors are FDA approved for the treatment of dementia associated with Alzheimer's disease. Postmortem data suggest that cholinergic abnormalities may be implicated in autism, although a definitive link is yet to be established [54] . In a double-blind, placebo-controlled, parallel-group study, 43 children with ASD or Landau-Kleffner Syndrome were treated for 6 weeks with donepezil, an acetylcholinesterase inhibitor [55] . Because between-group statistics were not presented in the study publication, it is impossible to draw conclusions about the difference between the treatment conditions from this report. The researchers did observe conflicting trends within groups: increases in expressive and receptive language were statistically significant for the active treatment group but not in the placebo group, while improvements on the childhood autism rating scale [CARS; 56] , an autism screening tool, were statistically significant in the placebo group but not in the active treatment group. Openlabel studies of donepezil suggest that it may be useful for irritability and hyperactivity, but not for language and social symptoms [57, 58] . A preliminary study of donepezil found that it increased the proportion of REM sleep and decreased the latency to REM sleep, which the authors hypothesize may have effects on learning and cognition [59] and invites a larger, rigorously designed trial. Uncontrolled data are available on several other cholinesterase inhibitors. Tacrine, the first available drug of this class, was found to have little therapeutic effect in three individuals with autism [60] . Safety concerns, primarily regarding hepatoxicity, have prevented further study of tacrine. Rivastigmine was evaluated in a 12-week openlabel study of 32 children with ASD [61] . Statistically significant improvements of small magnitude were noted on the CARS and a scale of expressive language ability, and subjective parent reports were positive. Thirteen children and adolescents with autism were given galantamine in a 12-week open-label study [62] . Statistically significant improvements were observed on the autism factor of the Conners' parent rating scale (CPRS) and the lethargy/ social withdrawal subscale of the ABC, although the magnitude of these improvements was relatively small. In a letter to the editor, Niederhofer and colleagues reported the results of a placebo-controlled, double-blind, crossover trial of galantamine [63] . Twenty boys with autistic disorder showed statistically significant improvements on parent-and teacher-rated ABC scores, although the magnitude was small.
A pilot trial of mecamylamine, active at nicotinic acetylcholine receptors, was recently reported [64] . This double-blind, placebo-controlled trial in 20 children with ASD failed to find a statistically or clinically significant effect of mecamylamine on core symptoms, cognition, or challenging behaviors. The authors noted that a dosefinding study may have been advisable, and that more potent drugs (e.g., varenicline) may be tested in the future.
Glutamatergic Agents
Glutamate has been implicated in the pathophysiology of autism by mouse models, genetic findings, and postmortem data [65] . D-Cycloserine, a partial agonist at N-methyl-Daspartate (NMDA) glutamate receptors that has been shown to be effective in treating the negative symptoms of schizophrenia [66] , was evaluated in an 8-week, singleblind, placebo-controlled trial [67] . For the 10 of 12 children who completed the trial, scores on the ABC lethargy/social withdrawal subscale were reduced by an average of 60 %. Unfortunately, no further studies of D-cycloserine have been reported. Future reports will help to elucidate the role of D-cycloserine in the treatment of autism.
Amantadine, an NMDA glutamate receptor antagonist, was evaluated in a 4-week, double-blind, placebo-controlled study [68] . Thirty-nine children and adolescents with autism were enrolled in the trial. No statistically significant difference was found between groups on parentrated measures, although there was a trend toward greater response to amantadine on clinician-rated CGI ratings. No further studies of amantadine in autism have been reported.
A different glutamatergic antagonist has been the subject of much interest in the past decade: memantine, which is FDA approved for the treatment of dementia associated with Alzheimer's disease. Although no controlled trials have been published, several open-label and retrospective reports are available. Of 18 children and adolescents treated with memantine for an average of 19 weeks, 11 (61 %) patients were deemed clinical responders with CGIimprovement ratings of ''much improved'' or ''very much improved'' [69] . In another retrospective review, response in 150 children and adolescents with ASD was evaluated for three domains: expressive and receptive language, cognitive and social behaviors, and self-stimulatory activity [70] . In this study, about 70 % of participants were clinical responders on language and social behavior, while only 12 % of the sample responded in terms of self-stimulatory behavior. None of 14 boys treated in another 8-week open-label trial was considered globally improved [71] . However, statistically significant improvements were observed on each of the ABC subscales, including lethargy/ social withdrawal and stereotypy. A letter to the editor detailed the treatment of four individuals with ASD [72] ; 4 weeks of treatment with memantine resulted in no meaningful improvements on the ABC.
Two recently published trials explored other glutamatergic agents. Acamprosate is FDA approved for the maintenance of alcohol abstinence in adults, and its mechanism of action is unclear, although it acts at NMDA glutamate receptors and is associated with antagonism at metabotropic glutamate receptors (MGluR) . In an openlabel trial with six children, clinical response on social communicative abilities was observed in five patients, according to clinician judgment (e.g., CGI) [73] . Improvements were also noted on most subscales of the ABC and the social responsiveness scale. Hardan and colleagues [74] reported on the use of N-acetylcysteine, which modulates NMDA glutamate receptors, in a doubleblind, placebo-controlled trial. Twenty-nine children were randomized to 12 weeks of N-acetylcysteine or placebo. Few differences were observed between groups, save for significant improvement on ABC irritability (a target symptom for which patients were recruited).
Oxytocin
Oxytocin has been the target of much excitement as data has become available that may implicate it directly in autism [75] . Oxytocin is a neuropeptide that is involved in the development of emotional and social affiliative behaviors [76] , so the expectation of its utility in autism is strong. Oxytocin is difficult to administer effectively, especially for long-acting benefit; it is quickly broken down and crosses the blood-brain barrier with difficulty. Thus, administration routes such as intranasal are being explored. Oxytocin and the related peptide vasopressin have been shown to increase social awareness in individuals with and without autism [77] [78] [79] . Fifteen adults with ASD were challenged with an infusion of synthetic oxytocin (pitocin) in a placebo-controlled crossover study [80] . Following the challenge, the severity of repetitive behaviors was rated by clinicians. The severity and number of repetitive behaviors was significantly reduced after oxytocin administration. Comprehension of affective qualities of speech was also evaluated as an outcome variable [81] . Both subject groups improved relative to baseline following infusion; however, those who first received placebo reverted to baseline at the second challenge, while those who first received oxytocin maintained the improvement. The potential for a carryover effect in this study makes the results difficult to interpret. Results of future trials will further clarify the role of oxytocin in the treatment of the core symptoms of autism.
Comment and Future Directions
Despite efforts in the field, this review finds that there are no definitely effective or efficacious pharmacologic treatments for the core symptoms of autism. Although many agents have been evaluated, the results are variable. Certain aspects of the research methodology used in studies of autism may contribute to the lack of consistent findings.
A primary issue illustrated by the reviewed research is statistical power, or the ability of a study to capture a treatment effect if one exists. When considering the restrictions of strict study inclusion criteria, it is understood that it will not be easy to recruit large samples, certainly in single-site studies, given limitations on the pool of possible subjects. Sample size is inversely related to effect size when calculating power; larger sample sizes are useful especially when the effect of treatment is expected to be small. For example, the studies included in the current review were largely in samples of 40 or fewer. However, the solution of ever-increasing sample size may not be practical. No magnitude of sample size can offset design issues such as lack of control, heterogeneous samples, and imprecise measurement. It is acknowledged that studies described in the current review varied considerably with respect to these factors, and, in particular, there was an over-representation of smaller and open-label studies for the more recent studies that included the cholinergic and glutamatergic classes. Future trials should address these concerns in order to improve the quality of autism research. Randomized controlled trials are the gold standard of pharmacologic research, and, while it is acknowledged that when using a drug for a new target, safety may be determined through small open-label pilots, a control group is especially important given the relatively high rate of placebo response observed in autism [82] .
Autism is an extraordinarily heterogeneous disorder, and manifestation is influenced by any number of variables such as language level, age, and cognitive ability. In fact, there is increasing support for consideration of multiple autisms, particularly when it comes to treatment considerations. A drug with a specific mechanism may not produce the same result in two individuals with the same diagnosis but divergent presentation or etiology [83] . Studies already address this when inclusion criteria require certain thresholds of specific symptoms or exclusions for a specific condition, but it is possible that even further subgrouping will be necessary to allow efficacy to be shown for certain classes of drugs. Thus, a focus on individualized medicine that utilizes biological subtypes and mechanisms to drive agent, sample selection, and treatment target, like that seen in fragile X syndrome [84] , will be of utmost importance moving forward. It may be especially important with such approaches to utilize larger international multisite studies in order to achieve sufficient sample sizes and representativeness.
However, reducing heterogeneity in study samples must be balanced with the need for representativeness, especially when core autism symptoms are the target. For instance, it is difficult to determine whether several of the antipsychotic drug studies were effective in treating core autism symptoms, because when children have been recruited for meeting a threshold of irritability, it may be very difficult to tease parents' perception of improvement in irritability from improvement in symptoms of autism. Thus, trials with explicit focus on core symptoms must recruit samples with careful consideration of key characteristics.
There is no gold standard for the measurement of change in autism symptoms in clinical trials [85] . The gold standard diagnostic instruments, the autism diagnostic interview-revised [86] and the autism diagnostic observation schedule [87] were not created to measure severity or improvement of the disorder. None of the measures used in the reviewed studies holistically and comprehensively measures change in core symptom domains, with adequately established reliability and validity across all subgroups of individuals with ASD (e.g., developmental and chronological age levels). While we recognize this as a limitation in the field, there are several measures that have been commonly used as indicators of autism treatment outcome. The ABC is a parent report scale of challenging behaviors observed in developmental disabilities that has been used primarily for its irritability subscale. The ABC also contains subscales that measure avoidance of social interaction (lethargy/social withdrawal) and stereotypic movements (stereotypy). However, the constructs measured by the ABC do not cleanly map onto autism symptoms. Similarly, the CY-BOCS, created for use in OCD, is often used in a modified format to approximate the repetitive behaviors observed in children with autism [88] . Given the developmental nature of the disorder, efficacy of a treatment may take the form of increased trajectory of skill development, rather than reduction in any specific symptom [89] . The importance of psychometrically sound outcome measures, biological or behavioral, cannot be overstated; inaccurate measurement has been identified in other fields as responsible for failed trials [90] .
The field is looking eagerly toward the advent of biomarkers of autism, which may dramatically increase power through study design that measures mechanism. In the interim, biological measurement can be used via surrogate endpoints, which may help to target treatment and more accurately measure its effects. Studies of MGluR in fragile X, and rapamycin in tuberous sclerosis, are examples, in the ability to test whether methylation status moderates efficacy [84] , and the ability to correct mammalian target of rapamycin (mTOR) pathway abnormalities, respectively [91] . This type of design will help to streamline candidate identification and narrow the focus in the field. However, it will be important for studies to be very explicit about their primary outcome variable, which will need to be based on behavioral presentation (i.e., symptoms of autism) rather than biological markers. Biological markers can be studied as an endpoint to determine the mechanism of action, but not as an outcome measure if core symptoms of autism are the drug target.
Study characteristics such as the chronologic and mental age at which intervention occurs should also be given serious consideration [92] . In nearly all of the studies reviewed here, participants were at least 5 years of age, and there were often exclusion criteria based on cognitive ability. Pharmacologic research is difficult in children; diagnoses may be unstable, parents and clinicians may be unwilling to treat very young children, and the effects of pharmacologic agents in very young and very impaired children are often not well understood. However, autism is a developmental disorder, and logic dictates that the most dramatic effects on outcome will be observed with earlier intervention targeting those most severely affected. Future research should explore the possibility of younger samples and longer-term follow-up to determine the possibility of cascade effects (e.g., a chain of events due to a one-time effect on a system).
Finally, as pharmacologic research for the core symptoms of autism moves forward, a greater emphasis on combined treatments, both behavioral and pharmacologic, may be necessary. Not only does this more accurately reflect real-world conditions, it best utilizes the tools we have available. Currently, the only empirically supported treatments for autism are based on applied behavior analysis, which has been combined with pharmacologic treatment in at least one trial [39] .
Autism treatment research is moving forward quickly, with exciting new avenues and ever-increasing attention to study design. Even as we identify new agents, however, there are some major methodological issues that will constrain our ability to detect the effects. Improvements to study design and instrumentation will help to ensure that future research is as efficient as possible.
